PATENT SPECIFICATION 




DRAWINGS ATTACHED 1.062,096 

Inventor: EDWARD JOHN SCHAEFER 

Date of Application and filing Complete Specification: March 6, 1964, 

No. 9709/64. 

Complete Specification Published: March /5, 1967. 
© Crown Copyright 1967. 



Index at acceptance A(2C2, 2CX, 2E3, 2E4, 2E7, 2L, 2M, 4A, 4BX, 13X, 14) 
Int. CL:--H 02 k 5/00 

COMPLETE SPECIFICATION 



30 



15 



20 



25 



30 



35 



40 



Electric Motor Assembly 



We, Frankun Electric Co.., Inc., a cor- 
poration organized under the laws of the State 
of Indiana, United States of America, of 
Bluffton, Indiana, United States of America, 
do hereby declare the invention, for which we 
pray that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the fol- 
lowing statement : — 

This invention relates to the interconnection 
of a number of individual electric motor units, 
and to an assembly of such electric motor un- 
its. 

It has become common practice to use sub- 
mersible motors in wells for pumping and for 
performing other operations in the wells. As 
the practice has increased, the demand for 
larger power motors has likewise increased. 

Of course, to increase the power of motors re- 
quires an increase in the size of motors. How- 
ever, motors for use in drilled wells and the 
like must be limited to a relatively small dia- 
meter, since they have to be inserted in the 
well casing. Thus, to provide more power, well 
motors have been lengthened as far as practi- 
cal, but shaft vibration and other factors have 
imposed a limit on the length of rotor for mo- 
tors that can be used in casings of usual dia- 
meters. 

The present invention provides an electric 
motor interconnecting unit for effecting electri- 
cal connection between and mechanically con- 
necting together in axial alignment a pair of 
electric motor units, each having similarly po- 
sitioned axially facing electric connector ele- 
ments, and comprising a generally tubular 
member having means at its ends for attach- 
ment to the respective motor units, means lo- 
cated within said tubular member and adapted 
to connect the motor shafts of the motor units 
for operation in unison, and interconnected 
electrical connector elements at the ends of 
said tubular member, said electrical connector 
elements of said interconnecting unit having 
[Price 4s.6d.\ 



fixed locations on said tubular member and 
adapted to mate with the electrical connector 
elements of the motor units and being automa- 
tically movable into operative electrical en- 
gagement therewith upon movement of said in- 
terconnecting unit into attached relation with 
said motor units, and sealing means forming 
a liquid tight seal around said electrical con- 
nector elements when said interconnecting unit 
is attached to the motor units. 

The present invention also provides a sub- 
mersible electric motor assembly comprising at 
least two motor units arranged in axially 
aligned end-to-end relation, each of said motor 
units having a rotor mounted on a rotor shaft 
projecting axially of the motor unit and a sta- 
tor around said rotor and including a field 
winding, each motor unit further including at 
its end which is adjacent the other motor unit 
a plurality of electrical connector elements 
which are electrically connected to the field 
winding of the associated motor unit and have 
fixed locations relative to the stator, and an 
interconnecting unit positioned between said 
adjacent ends of said motor units and releasa- 
bly secured to said stators of said motor units 
for holding said motor units in said end-to- 
end assembled relation and for connecting said 
rotor shafts together for operation in unison, 
said interconnecting unit further including in- 
terconnected electrical connector elements at 
both axial ends thereof, said connector ele- 
ments of said interconnecting unit having fixed 
locations on said interconnecting unit and be- 
ing located to automatically engage said elec- 
trical connector elements of said motor units 
upon movement of said interconnecting unit 
into secured relation with said motor units, 
said electrical connector elements of said inter- 
connecting unit connecting the field windings 
of said motor units together when said inter- 
connecting unit is secured to said motor units, 
and sealing means between said motor units 
and said interconnecting unit forming liquid 
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tight seals around said connector elements 
when said motor units are in secured relation 
with said interconnecting unit. 
The motor structure of the present invention 

5 provides increased power for use in wells and 
the like. It includes a plurality of motor units 
and may have a single coolant and lubricant 
system for the assembly, a single thrust bearing 
device arranged to bear the thrust developed 

10 by all of the units, and can be operated with 
only a single set of power leads. 

The objects and advantages of the invention 
will be apparent from the following description 
taken in conjunction with the accompanying 

15 drawings wherein: 

Figure 1 is a longitudinal sectional view, on 
a reduced scale, of a submersible motor assem- 
bly embodying the present invention, Figure 
1 being taken substantially along line 1 — 1 in 

20 Figure 2; 

Figure 2 is a top end view of the assembly 
shown in Figure 1; 

Figure 3 is an end view of a connector 
member used in the assembly shown in Figure 

25 1; 

Figure 4 is a sectional view taken along line 

4 — 4 in Figure 3; 

Figure 5 is a sectional view taken along line 

5 — 5 in Figure 1; 

30 Figure 6 is a sectional view taken along line 

6 — 6 in Figure 1 ; and 

Figure 7 is a diagrammatic view showing 
one way of arranging the field windings in the 
assembly shown in Figure 1. 

35 Figure 1 shows a preferred form of motor 
assembly embodying the features of the present 
invention. Thus, the assembly comprises a pair 
of motor units, indicated generally at 11 and 
12, arranged in axial alignment and rigidly 

40 connected together by an interconnecting unit 
indicated generally at 13. The upper end of 
the assembly is covered by an end termination 
unit 14 from which projects a shaft portion 
16, connectable to a driven device, such as a 

45 pump. As will be seen hereafter, the shaft 16 
transmits the power of both motor units 11 
and 12 to such driven device. The lower end 
of the assembly is closed by a lower termina- 
tion unit 17. 

50 The motor units 11 and 12 are substantially 
alike, being elongated and cylindrical and com- 
prising the usual stator and rotor elements. 
Thus, each of the motor units 11 and 12 com- 
prises a stator including the usual stack of la- 

55 minations 18 and field windings 19 arranged 
in a conventional manner. Each unit has its 
stator enclosed by a casing comprising a cylin- 
drical sleeve 21 on the outside of the stator 
and a thin cylindrical liner 22 on the inside 

60 of the stator, thus defining an annular space 
therebetween. At their opposite ends, the sleeve 
21 and liner 22 are secured, as by welding, 
to annular end rings 23 and 24, and seal the 
stator in the annular space. 

65 The present units 11 and 12 are three phase 



units, and thus each N 
field windings. As <iu>v. 
Figure 7, the unit Hv^^^^ 
37, and 38, and the unfffo^ 
39, 41 and 42. The mfy *6r^ 
are interconnected, in tfi\^ 0 ^ 
shown in Figure 7, to iom?Ss 
at the lower end of the mc<&~ 
windings 36, 37 and 38 are \y| 
nected. v ?0 

Each of the motor units 11 ai y 
a rotor 26 and the rotors 26 art^ 
mounted on rotor shafts 27 and 28. y 
26 are of the squirrel cage type and i 
project axially from the units, as show^ 

The present assembly is equipped^ 
coolant system and to this end, the moto y 

11 and 12 have passages for carrying cc 
fluid through the unit. Thus, the shaft 2?\ 
an axial bore 29 that connects to a radial 
31 at the upper end of the shaft 27 for carr^ 
ing coolant in one direction through the moto> 
unit 11. Coolant passes in the opposite direc-. 
tion through the motor unit 11 through an 
axial space, indicated at 32, between the liner 
22 and the rotor 26. Similarly, in the unit 

12 the rotor shaft 28 is provided with an axial 
bore 33 for carrying coolant fluid 
through the unit 12 in one direction, and 
space 34, between its rotor 26 and the 95 
finer 22 of the unit 12, carries such coolant 

in the opposite direction through the unit 12. 

The interconnecting unit 13, connecting the 
motor units 11 and 12 in end-to-end axial 
alignment, not only rigidly interconnects the 100 
motor units but also makes the electrical con- 
nections necessary to connect the windings of 
the units in series interconnects the fluid pas- 
sages in the two motor units together and in- 
terconnects the rotor shafts 27 and 28 together 105 
for rotation in unison. Thus, the interconnect- 
ing unit 13 comprises a tubular member 43 
which is, in effect, a dual end bell member 
shown in detail in Figures 3 and 4. The tubu- 
lar member 43 rigidly interconnects the adja- 110 
cent ends of the stator casings of motor units 
11 and 12. For this purpose, the member 43 
is provided with a pair of axially spaced 
flanges 46 and 47 which abut against the end 
ring 24 of motor unit 11 and end ring 23 of 115 
motor unit 12. The flanges are secured to the 
end rings as by screws 48. Four longitudinal 
ribs 45 join the flanges 46 and 47 for strength- 
ening the member 43. 

The member 43 provides bearings for the 120 
adjacent ends of the shafts 27 and 28. In this 
instance, member 43 has bearing support por- 
tions 49 and 51 that project axially into the 
motor units 11 and 12, respectively, and are 
provided with radial bearings 52 and 53. The 125 
radial bearing 52 supports the lower end of 
shaft 27, as shown in Figure 11, while the 
bearing 53 supports the upper end of the shaft 
28. The bearings 52 and 53 are exposed to 
the fluid in the assembly and have helical 130 
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We, Franklin Electric Co., Inc., a cor- 
poration organized under the laws of the State 
of Indiana, United States of America, of 
Bluffton, Indiana, United States of America, 

5 do hereby declare the invention, for which we 
pray that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the fol- 
lowing statement : — 

10 This invention relates to the interconnection 
of a number of individual electric motor units, 
and to an assembly of such electric motor un- 
its. 

It has become common practice to use sub- 
15 mersible motors in weUs for pumping and for 
performing other operations in the wells. As 
the practice has increased, the demand for 
larger power motors has likewise increased. 
Of course, to increase the power of motors re- 
20 quires an increase in the size of motors. How- 
ever, motors for use in drilled wells and the 
like must be limited to a relatively small dia- 
meter, since they have to be inserted in the 
well casing. Thus, to provide more power, well 
25 motors have been lengthened as far as practi- 
cal, but shaft vibration and other factors have 
imposed a limit on the length of rotor for mo- 
tors that can be used in casings of usual dia- 
meters. 

30 The present invention provides an electric 
motor interconnecting unit for effecting electri- 
cal connection between and mechanically con- 
necting together in axial alignment a pair of 
electric motor units, each having similarly po- 

35 sitioned axially facing electric connector ele- 
ments, and comprising a generally tubular 
member having means at its ends for attach- 
ment to the respective motor units, means lo- 
cated within said tubular member and adapted 

40 to connect the motor shafts of the motor units 
for operation in unison, and interconnected 
electrical connector elements at the ends of 
said tubular member, said electrical connector 
elements of said interconnecting unit having 
[Price 4s, 6d.] 



fixed locations on said tubular member and 
adapted to mate with the electrical connector 
elements of the motor units and being automa- 
tically movable into operative electrical en- 
gagement therewith upon movement of said in- 
terconnecting unit into attached relation with 
said motor units, and sealing means forming 
a liquid tight seal around said electrical con- 
nector elements when said interconnecting unit 
is attached to the motor units. 

The present invention also provides a sub- 
mersible electric motor assembly comprising at 
least two motor units arranged in axially 
aligned end-to-end relation, each of said motor 
units having a rotor mounted on a rotor shaft 
projecting axially of the motor unit and a sta- 
tor around said rotor and including a field 
winding, each motor unit further including at 
its end which is adjacent the other motor unit 
a plurality of electrical connector elements 
which arc electrically connected to the field 
winding of the associated motor unit and have 
fixed locations relative to the stator, and an 
interconnecting unit positioned between said 
adjacent ends of said motor units and releasa- 
bly secured to said stators of said motor units 
for holding said motor units in .said end-to- 
end assembled relation and for connecting said 
rotor shafts together for operation in unison, 
said interconnecting unit further, including in- 
terconnected electrical connector elements at 
both axial ends thereof, said connector ele- 
ments of said interconnecting unit having fixed 
locations on said interconnecting unit and be- 
ing located to automatically engage said elec- 
trical connector elements of said motor units 
upon movement of said interconnecting unit 
into secured relation with said motor units, 
said electrical connector.elernents of said inter- 
connecting unit connecting the field windings 
of said motor units together when said inter- 
connecting unit is secured to said motor units, 
and sealing means between said motor units 
and said interconnecting unit forming liquid 
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tight seals around said connector elements 
when said motor units are in secured relation 
with said interconnecting unit. 

The motor structure of the present invention 
5 provides increased power for use in wells and 
the like. It includes a plurality of motor units 
and may have a single coolant and lubricant 
system for the assembly, a single thrust bearing 
device arranged to bear the thrust developed 
10 by all of the units, and can be operated with 
only a single set of power leads. 

The objects and advantages of the invention 
will be apparent from the following description 
taken in conjunction with the accompanying 
15 drawings wherein: 

Figure 1 is a longitudinal sectional view, on 
a reduced scale, of a submersible motor assem- 
bly embodying the present invention, Figure 
1 being taken substantially along line 1 — 1 in 
20 Figure 2; 

Figure 2 is a top end view of the assembly 
shown in Figure 1; 

Figure 3 is an end view of a connector 
member used in the assembly shown in Figure 
25 1; 

Figure 4 is a sectional view taken along line 
A — 4 in Figure 3 ; 
Figure 5 is a sectional view taken along line 

5 — 5 in Figure 1; 

30 Figure 6 is a sectional view taken along line 

6 — 6 in Figure 1 ; and 

Figure 7 is a diagrammatic view showing 
one way of arranging the field windings in the 
assembly shown in Figure 1. 

35 Figure 1 shows a preferred form of motor 
assembly embodying the features of the present 
invention. Thus, the assembly comprises a pair 
of motor unitSj indicated generally at 11 and 
12, arranged in axial alignment and rigidly 

40 connected together by an interconnecting unit 
indicated generally at 13. The upper end of 
the assembly is covered by an end termination 
unit 14 from which projects a shaft portion 
16, connectable to a driven device, such as a 

45 pump. As will be seen hereafter, the shaft 16 
transmits the power of both motor units 11 
and 12 to such driven device. The lower end 
of the assembly is closed by a lower termina- 
tion unit 17. 

50 The motor units 11 and 12 are substantially 
alike, being elongated and cylindrical and com- 
prising the usual stator and rotor elements. 
Thus, each of the motor units 11 and 12 com- 
prises a stator including the usual stack of la- 

55 ruinations 18 and field windings 19 arranged 
in a conventional manner. Each unit has its 
stator enclosed by a casing comprising a cylin- 
drical sleeve 21 on the outside of the stator 
and a thin cylindrical liner 22 on the inside 

60 of the stator, thus defining an annular space 
therebetween. At their opposite ends, the sleeve 
21 and liner 22 are secured, as by welding, 
to annular end rings 23 and 24, and seal the 
stator in the annular space. 

65 The present units 11 and 12 are three phase 



units, and thus each of their stators has three 
field windings. As diagrammatically shown in 
Figure 7, the unit 11 has field windings 36, 
37, and 38, and the unit 12 has field windings 
39, 41 and 42. The windings 39, 41 and 42 70 
are interconnected, in the usual manner, as 
shown in Figure 7, to form a wye connection 
at the lower end of the motor unit 12. The 
windings 36, 37 and 38 are not so intercon- 
nected. 75 

Each of the motor units 11 and 12 also has 
a rotor 26 and the rotors 26 are respectively 
mounted on rotor shafts 27 and 28. The rotors 
26 are of the squirrel cage type and their shafts 
project axialiy from the units, as shown. 80 

The present assembly is equipped with a 
coolant system and to this end, the motor units 

11 and 12 have passages for carrying coolant 
fluid through the unit. Thus, the shaft 27 has 

an axial bore 29 that connects to a radial bore 85 
31 at the upper end of the shaft 27 for carry- 
ing coolant in one direction through the motor 
unit 11. Coolant passes in the opposite direc- 
tion through the motor unit 11 through an 
axial space, indicated at 32, between the liner 90 
22 and the rotor 26. Similarly, in the unit 

12 the rotor shaft 28 is provided with an axial 
bore 33 for carrying coolant fluid 
through the unit 12 in one direction, and 
space 34, between its rotor 26 and the 95 
finer 22 of the unit 12, carries such coolant 

in the opposite direction through the unit 12. 

The interconnecting unit 13, connecting the 
motor units 11 and 12 in end-to-end axial 
alignment, not only rigidly interconnects the 100 
motor units but also makes the electrical con- 
nections necessary to connect the windings of 
the units in series interconnects the fluid pas- 
sages in the two motor units together and in- 
terconnects the rotor shafts 27 and 28 together 105 
for rotation in unison. Thus, the interconnect- 
ing unit 13 comprises a tubular member 43 
which is, in effect, a dual end bell member 
shown in detail in Figures 3 and 4. The tubu- 
lar member 43 rigidly interconnects the adja- 110 
cent ends of the stator casings of motor units 
11 and 12. For this purpose, the member 43 
is provided with a pair of axialiy spaced 
flanges 46 and 47 which abut against the end 
ring 24 of motor unit 11 and end ring 23 of 115 
motor unit 12. The flanges are secured to the 
end rings as by screws 48. Four longitudinal 
ribs 45 join the flanges 46 and 47 for strength- 
ening the member 43. 

The member 43 provides bearings for the 120 
adjacent ends of the shafts 27 and 28. In this 
instance, member 43 has bearing support por- 
tions 49 and 51 that project axialiy into the 
motor units 11 and 12, respectively, and are 
provided with radial bearings 52 and 53. The 125 
radial bearing 52 supports the lower end of 
shaft 27, as shown in Figure 11, while the 
bearing 53 supports the upper end of the shaft 
28. The bearings 52 and 53 are exposed to 
the fluid in the assembly and have helical 130 
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grooves 50 (see Figure 4) for passing the fluid 
through the bearings 52 and 53. Hence, these 
bearings are lubricated by the fluid. 
The member 43 also interconnects fluid pas- 

5 sages in the motor units. To this end, the 
member 43 is provided with a pair of longitu- 
dinally extending slots 54 that extend to open- 
ings 55 through the portions 49 and 51 and 
thus provide flow communication from the 

10 space 32 in the upper unit to the space 34 
in the lower unit. Coolant fluid may thus pass 
from the space 32 in unit 11 over the outside 
of the portion 49, through the openings 55, 
downwardly through the slots 54, out through 

15 the openings 55 in the portion 51 and over 
the portion 51 into the space 34 at the upper 
end of the motor unit 12. To prevent leakage 
of liquid at the ends of the member 43, the 
latter is provided with sealing means compris- 

20 ing a pair of "0" rings 56 mounted in circum- 
ferential grooves located adjacent the flanges 
46 and 47. The "O" rings 56 engage the end 
ring 24 of the upper unit and the end ring 
23 of the lower unit, respectively. 

25 The interconnecting unit 13 also includes 
means for interconnecting the adjacent ends of 
the shafts 27 and 28 for segregating the fluid 
passage through the center of the shafts from 
the fluid passage provided, in part, by the slots 

30 54. To this end, the adjacent ends of the shafts 
27 and 28 are splined, as shown at 72, in 
Figure 1, and a sleeve 44 having internal 
splines cooperating with the splines on the 
shafts 27 and 28 is telescoped over the ends 

35 of the shafts. To transfer thrust from the shaft 
27 of the upper unit to the shaft 28 of the 
lower unit, a washer 75 is interposed between 
the ends of the shafts within the sleeve 44. 
At its opposite ends, the sleeve 44 is provided 

40 with internal circumferential grooves contain- 
ing "O" rings 73, which seat on the shafts 
beyond the splines. Thus, the sleeve 44 pro- 
vides a driving connection between the shafts 
27 and 28. The sleeve 44 also bridges the 

45 space between the ends of the shafts and segre- 
gates the passage formed by the bores 29 and 
33 in the shafts from the fluid passage outside 
the shafts, which includes the slots 54. In this 
connection, it should be noted that the sleeve 

50 44 and the member 43 are in circumferentially 
spaced relation, the space between the sleeve 
44 and the member 43, being included with 
the slots 54 as the fluid passage outside the 
shafts. 

55 In the present assembly, the field windings 
36, 37 and 38 of the upper motor unit 11 
are connected in series with the field windings 
39, 41 and 42, respectively, and only a single 
set of power leads is required for the assembly. 

60 To make these connections, the member 43 
is provided with an electrical connector device 
59 that cooperates with mating connector ele- 
ments in the units 11 and 12 to form the con- 
nections when the member 43 is secured to 

65 the ends of the motor units 11 and 12. As 



shown in Figure 1, the end ring 24 of the 
motor unit 11 is provided with a hole and 
mounted therein is a connector element 57 
having three prongs respectively connected to 
the three field windings of the unit, one prong 70 
being shown at 60. Likewise, the lower motor 
unit 12 has a similar electrical connector ele- 
ment 58 mounted in a hole in its end ring 
23. 

The connector device 59 is an elongated 75 
structure and extends through the member 43. 
Each end of the device 59 has three tubular 
sockets 61 receiving the prongs 60 of the con- 
nector elements 57 or 58. As indicated in 
Figure 4, the sockets 61 are formed in the 80 
two ends of conductors 62. The conductors 62 
are embedded in a pair of bushings 63 and 
64 of resilient insulating material, the inner 
ends of which are enclosed by a tube 65 of 
insulating material and located in a bore 66 85 
formed in one of the ribs 45 which joins the 
flanges 46 and 47. 

When the connector device 59 is engaged 
with the connector elements 57 and 58 and 
the member 43 is secured to the end rings 90 
24 and 23, the bushings 63 and 64 are com- 
pressed and seal against the end rings within 
the holes therein and against the elements 57 
and 58. Sealing is also provided by a circum- 
ferential flange 68, formed on each of the 95 
bushings 63 and 64. The flanges 68 are 
confined by metal rings or ferrules 69 which 
seat in circular grooves or recesses 71 when 
the parts are assembled. The metal ring 69 
prevents the flange 68 from being spread out 100 
and pinched by the adjacent metal parts when 
the screws 48 are pulled tight. The ring 69 
also assists in preventing misalignment of the 
facing metal parts due to bulging of the resi- 
lient flange 68. Thus, it can be seen that the 105 
windings of the motor units are automatically 
connected together in series and sealed by the 
connector device 59 when the tubular member 
43 has been secured to its associated motor 
units. 110 

At the upper end of the assembly, the upper 
end termination unit 14 is secured to the end 
ring 23 of the upper motor unit 11 as by a 
plurality of circumferentially arranged screws 
74. In the present instance, the screws 74 also 115 
extend upwardly from the upper end termina- 
tion unit 14 for a connection to a device to 
be driven by the motor assembly, such as a 
pump. The unit 14 includes an inwardly ex- 
tending tubular portion 76 concentric with the 120 
shaft 27 and carrying a bearing 77 that sup- 
ports the shaft portion 16, mentioned above, 
which is a shaft extension telescopically forced 
on the upper end of the shaft 27. The upper 
end of the shaft portion 16 is splined, as shown 125 
at 78 in Figures 1 and 2, for cooperation with 
a mating spline shaft in the pump. A seal 79 
is mounted in the unit 14 for cooperation with 
the shaft portion 16. 

The upper end termination unit 14 also has 130 
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means for connecting the assembly to a power thrust bearing 101" comprises a plurality of 
' line. Iq : this instance, the end ring 23 of the. bearing segments i02 . rockably mounted on a * 

upper rnbtor. : unit has a holein whidr a connec- stationary disk 103. The, disk 103 is centrally 

tor element 83 .is mounted. A matmg : .connect6r supported by an axially emending screw 104 
5 element 82 : has three terminals connected ;tal .;. threaded in, the support 99 and held against . 70 

three motor suipply leads 83. Whdn the u£per- rotation by; a lug 100 on the portion 86 and \ 

termination unit 14* is mounted on the upper projecting into a notch 100a/ in the disk -103. '." 

motor unit. 11 and secured thereto, thejraimec- . The segments; 102 bear against a bearing ring - . . 

tor elements 81 and.82 are.engaged ^and both 106 on a disk 107 secured to the lower end. . 
10 motor units are 'this i connected for operation; . of the shaft 28 by, a key 108. Thus,. it can; .75; 

The . connector elements 81 and 82 cooperate be seen thaf the entire thrust load on the.shafts 
■ . with each other in substantiaHy the same man- 27:and 28 will be carried by the thrust bearing 

ner as the connector element 57 and the con- 101.- - : 

nector device 59. • - For circulating the coolant fluid tlu-pugh. the \ 

1 5 ' Other important features of the present in- assembly,, the upper surface of "the disk" 107, 80 
ventioh are embodied in* the lower, terminatioh which rotates with the shaft 28, -is provided 
unit* 17.. This unit comprises a ring portion . with, impeller vanes 109 and a iheet; metal 
84 threaded into a housing portion 86' and . s^hroud 111, fonrnng^a pump. The ; 
sealed by. an "O" ring 87 (see Figure .1) which shroud ill is located adjacent the. passages 92 

20 is confined by the rmg portion 84, thehousing;. and its outlet is in the space 94 at the thrust 85 
portion 86 arid the end ring 24 of thelower bearing. Thus, coolant will be circulated into, 
motor unit. The ring portion is secured to the. . the space 94, up through the bores 33 and: 
end ring ?4, by screws 88, and has a -bearing 29 in the shafts,- out through the radial bores 
support portion 89 on its upper end/projectihg ; 31, down through the space 32 between the 
. 25 into the "end of the lower motor unit The por-:_~ rotor 26' of *me upper, motor unit and its liner . 90 
: tion 89 supports a radial bearing 91, .which, 22,' into:;the. top openings 55 . as weU/as. into . . 

. in turn, carries: lower end of. the shaft 28 the top: of the gropv$.-50 iii i th e bearing 42, - 
of the lower unit 12. Passages 92 through the down through the. groove" 50,. the passage V :•_ 
portion 89 connect the fluid jpassage provided ; formed by the. slots 54 in the member 43 . and 

30 by the space" 34 with the interior of . the lower : the space. between the member 43 and sleeve 95 
termination unit -17. Fluid also flows through .44, through "the s lower openirigs^55 and through : 
the bearing 91 and lubricates the same.. the groove 50 in bearing 53, down through 

The housing portion 86 of the lower -ter- the space 34 between the rotor 26" and. the;: 
mination unit 1.7- is in the form of an elongated . liner 22 of the lower motor unit 12," and -v.. 

35 tubular structure closed at its lower end by through the passages 92 and bearing 91 to the. 100 
a resilient diaphragm 93, which constitutes a- vanes on the disk 107. 
receptacle' for enclosing elements of the assem- The flmd circulating through the assembly 
bly and for collecting coolant fluid after it has will, of course; pick up' much heat as.it cir- 
been circulated through the assembly: In the culates through the two motor units. To disst- 

40 housing-portion 86 are located means forcircu- pate this heat, the lower termination unit has 105 
lating the coolant fluid through the assembly, a relatively large surface area inside the unit 
and thrust bearing means supporting the thrust in contact with the .fluid . being circulated, the 
forces in. the assembly. The . portion 86 also area extending from7 the bottom of the' ring; 
contains means coacting with the thrust bear- . portion $4 down to the "diaphragm 93:' The '.' 

45 ing means to adjust the axial position of the unit also has a relatively large outer surface 110 
shafts in the "assembly. .- in contact with ambient fluid. Hence, the lower 

; The diaphragm 93 is located in the lower : termination unit, acts as a heat exchanger for- 
erid of the portion 86 and is held in position the assembly's coolant system, 
by a sheet metal disk 96 forced into the lower To fill the cooling system with fluid, the 

50 end of the portion 86. The disk 96 is separated portion 86 is provided with an opening 116 115 
from the diaphragm 93 by a coil spring 97. having a removable threaded plug 11 7. 
Coolant fluid will fill the space, indicated at" ; As was mentioned heretofore, the lower ter- 
94, above the diaphragm 93 and will contact . mination unit contains means for adjusting the 
the inner force of the diaphragm 93. Liquid ; position of the shafts in the. assembly. To ad- 

55 on the outside. of the Assembly will contact the just the axial position in. the assembly of the 120 
outer face of the diaphragm 93 by passing shafts 27 and 28, the screw 104 is rigidly se- . : 
through an opening 98 in the center of the : cured to a toothed worm wheel 112 cooperat- ''. y 
disk 96. Thus, the diaphragm 93. functions as; irig with a 'worm 113. Rotation of the worm 
a pressure equalizer for the coolant system in 113 rotates the wheel 112 and the screw 104 

60 the assembly.; . ; and thus raises" or lowers the thrust disk 103. .125 

Intermediate its ends, the; housing portion This, in turn, shifts the shafts 27 and 28axial- 
86 of the lower termination unit 17 is provided . ly:_The worm 113 is rotatably mounted in the. 
with transversely extending support structure wall of. the. housing portion 86 and one end 
99 on which is carried a thrust bearing 101 of the . worm 113 is accessible from the exterior 

65 for- the assembly (see Figures 1 and 5); The of the: housing portion," as shown in Figure 6, 130 
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so that it may be readily adjusted. A screw 
114 is mounted in the worm wheel 112 and 
engages ribs 115 extending from the support 
structure 99 to prevent undue rotation of the 

3 screw 104. 

The end-to-end arrangement of the units 
permits a manufacturer to increase the power 
of an assembly merely adding a motor unit 
and connector unit to the assembly interme- 

10 diate the end termination units. It will, of 
course, be recognized by those skilled in the 
art that such an addition requires a corre- 
sponding voltage increase in the power leads 
to the assembly. Hence, an assembly of rela- 

15 tively large power, for use in wells and the 
like, can easily be provided by a manufacturer. 
Moreover, the structure is such that assemblies 
of different power can be provided, using only 
one size of motor units and one size intercon- 

20 necting units. 

WHAT WE CLAIM IS: — 

1. An electric motor interconnecting unit for 
effecting electrical connection between and me- 
chanically connecting together in axial align- 

25 ment a pair of electric motor units, each hav- 
ing similarly positioned axially facing electric 
connector elements, and comprising a generally 
tubular member having means at its ends for 
attachment to the respective motor units, 

30 means located within said tubular member and 
adapted to connect the motor shafts of the mo- 
tor units for operation in unison, and intercon- 
nected electrical connector elements at the ends 
of said tubular member, said electrical connec- 

35 tor elements of said interconnecting unit hav- 
ing fixed locations on said tubular member and 
adapted to mate with the electrical connector 
elements of the motor units and being automa- 
tically movable into operative electrical en- 

40 gagement therewith upon movement of said in- 
terconnecting unit into attached relation with 
said motor units, and sealing means forming 
a liquid tight seal around said electrical con- 
nector elements when said interconnecting unit 

45 is attached to the motor units. 

2. An interconnecting unit as in claim 1, 
wherein said interconnected electrical connec- 
tor elements of said interconnecting unit com- 
prise at least one electric conductor which ex- 

50 tends longitudinally of said tubular member 
and has coupling portions at its opposite ends 
for sliding engagement with mating electrical 
connectors of said motor units. 

3. An interconnecting unit as in claim 2, 
55 wherein said tubular member has at least one 

longitudinally extending bore formed there- 
through, and said electric conductor is mount- 
ed in said bore. 

4. An interconnecting unit as in Claim 2, 
60 wherein said electrical connector elements of 

said interconnecting unit comprise an assembly 
of electrodes embedded in an elongated resi- 
lient body, said body being made of electrical 
insulating material and insulating said elec- 
65 trodes from said tubular member, said body 



further forming a liquid tight seal around said 
electrodes when said interconnecting unit is at- 
tached to the motor units. 

5. A submersible electric motor assembly 
comprising at least two motor units arranged 70 
in axially aligned end-to-end relation, each of 
said motor units having a rotor mounted on 

a rotor shaft projecting axially of the motor 
unit and a stator around said rotor and includ- 
ing a field winding, each motor unit further 75 
including at its end which is adjacent the other 
motor unit a plurality of electrical connector 
elements which are electrically connected to 
the field winding of the associated motor unit 
and have fixed locations relative to the stator, 80 
and an interconnecting unit positioned between 
said adjacent ends of said motor units and re- 
leasably secured to said stators of said motor 
units for holding said motor units in said end- 
to-end assembled relation and for connecting 85 
said rotor shafts together for operation in uni- 
son, said interconnecting unit further including 
interconnected electrical connector elements at 
both axial ends thereof, said connector ele- 
ments of said interconnecting unit having fixed 90 
locations on said interconnecting unit and be- 
ing located to automatically engage said elec- 
trical connector elements of said motor units 
upon movement of said interconnecting unit 
into secured relation with said motor units, 95 
said electrical connector elements of said inter- 
connecting unit connecting the field windings 
of said motor units together when said inter- 
connecting unit is secured to said motor units, 
and sealing means between said motor units 100 
and said interconnecting unit forming liquid 
tight seals around said connector elements 
when said motor units are in secured relation 
with said interconnecting unit. 

6. An assembly as in Claim 5, wherein each 105 
of said motor units further includes a sealed 
axially extending casing containing said stator, 

and said interconnecting unit cooperates with 
said casings of said motor units to form an 
elongated chamber to receive a cooling fluid. 110 

7. An assembly as in Claim 6, wherein said 
motor units have fluid passages formed therein 
for a cooling fluid, and said interconnecting 
unit also has fluid passages formed there- 
through connecting said fluid passages of said 115 
motor units together to provide a single cooling 
system for the assembly. 

8. An assembly as in Claim 7, wherein a 
portion of said fluid passages comprises axial 
bores in said rotor shafts for carrying the coo- ion 
lant in one direction through said assembly, 
said bores being interconnected by said inter- 
connecting unit. 

9. An assembly as in Claim 5, wherein said 
interconnecting unit includes a coupling sleeve 125 
for interconnecting said rotor shafts of said 
motor units for said operation in unison, each 

of said rotor shafts having an axial bore 
formed therethrough to provide a fluid pas- 
sageway for a cooling fluid, said coupling 130 
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sleeve further mterconnecting said axial bores,, tension of its rotor shaft projecting through 
said .interconnecting unit further including, a said upper end termination unit for engage- 
tubular . member forming-: an outer -wall, arid ment with . apparatus to. be driven, said upper- 
said, sleeve being located in concentric spaced end t^^^ 
5 relation ! from said outer wall to provide a pasr tor. elements mounted in iked locations- there- 
sageway for fluid flow therebetween., on, ajid being similar to said "elettncal con>ec- 

10. An assembly as in Claim 9, and further tor elenients of said interconnecting unit, and ■ 

including means for circulating a fluid through . said uppermost motor unit, having electrical ; . 

said passages. , . " : * connector elements mounted in. fixed locations 

10 11. An assembly as in anyone of Claims thereon" and located to automatically engage 39 

5-r-lO, wherein the electrical connector ele^ said, connector elements of said upper end ter- " : 

ments of said interconnecting unit extend. Ion- inination units upon movement of. said upper, 

gitudinally of said mterconnecting unit, the op-, end termination unit into secured relation with : 
. posife Jeods of ' said electrical conned 

15. ments of said interconnecting unit being locat- r nector elements -at. the upper .end . of said up- , 55 

ed to automatically engage said electrical con- . permost motor - unit being , connected to" the . . 

nector " dements of - said 1 motor units . upon field windings of said uppermost motor unit, . > 
movement of said mterconnecting unit into se- - and said electrical connector elements of said , 

cured .relation with 'said motor units. . - . upper end/termination unit being connectable . 

20 ^ 12.,An;assembly as in any of Cl^ ft) 
and. further mcluding an upper end terminal 14. An. assembly as in anyone of Claims 

tion unit mounted on the upper end of the 5—13,. wherein. ^aid electrical- connector de-r 

uppermost of said motor units for substantially ments "of said motor units and said intercon- 

sealing the upper end of the assembly, said necting unit are in the f orm of plugs and sock- . 

25 uppermost of said motor units having an ex- : etsv _' . . * • $5 

tension of. its. rotor shaft "projecting through" : 15. An electric motor ^ mterconnectmg unit" 

skid upper end termination iinit ior engage- . constructed and adapted to operate substantial- 

ment with-apparatus to be driven, and a lower ly as herein described; with particular reference . 

end ^termination unit mounted on the lower end to the embodiment illustrated in the accom- 

3.0 of the lowermost. of said motor units substan- panying drawings. _ .70 

tia ; Uy sealing 1 the. lower end of said assembly, , : 16. A submersible electric motor assembly 

said lower end termination iunit mcluding a qons^cted and" adapted to operate substantial- . - 

thrust bearing, : fluid pressure equalization : ly as herein described ^ with particular reference"! ; 

means, and a. coolant heat exchanger. .. to 'the/embo4nBe]Qts -ulustrated in the accbm- : . . 

35 13. An; assembly as in anyone of Claims / panying drawings. .', . . .75 

5. — 11 3 including an upper end termination un-. : : 

it releasably secured to. the upper end of the . . STEYENS r LANGNER, PARRY . 
uppermost of said, motor units substantially /- & RGLLINSON, 

sealing the upper end of the assembly, said : Chartered Patent Agents, : 

40 uppermost of said motor units having an ex- - -Agents- for the Applicants.; ;\ • 

Leamington Spa: Printed for Her Majesty's Stationery . Office, ,\ by the Courier Press ' 
(Leamington) Ltd. — 1967; Published by The Patent Office, 25 Southampton Buildings; 
London, W.C2, from which copies may be obtained. 
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